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This invention is concerned with the art of refrigera-
tion broadly and more specifically with a small, compact,
light-weight refrigeration system particularly adapted to
mobile use such as automotive vehicles.

This system is a compression expansion refrigeration
system in which the working fluid is air and in which
heat is rejected to ambient air thus avoiding the use of
toxic or expensive refrigerants and avoiding the necessity
of supplying any cooling medium other than atmospheric
air.,

This invention is probably best understood by refer-
ence to the drawing which is an axial cross-section of a
refrigeration system.

Referring to the drawing, the apparatus comprises
broadly a turbo compressor 10 and a turbo expander 11,
both being concentrically mounted upon and driven by
shaft 12. Shaft 12 is driven through speed changer 13
which is in turn driven by shaft 14 upon which is mounted
cooling air fan 15. Shaft 14 and cooling fan 15 may be
driven from any convenient source such as an automobile
engine, or an electric metor, or a separate internal com-
bustion engine provided for this specific purpose. A
suitable speed for shaft 14 would be about 6,000 R. P. M.
and of shaft 12 about 48,000 R. P. M. Heat exchanger
16 has been provided in the form of an annular structure
which is approximately coaxial with shaft 14. It will be
noted that heat exchanger 16 is divided into two sections
by bulkhead 17 for a purpose which will become ap-
parent as the description proceeds.

In operation, fan 15 establishes a super-atmospheric
or sub-atmospheric pressure in the annular space be-
tween shaft 14 and heat exchanger 16. This causes a
radial outward flow of cooling ambient air through heat
exchanger 16 into plenum 18 from which it is discharged
to the atmosphere through conduit 19, Recirculated air
from the space to be cooled enters the system through
pipe 20 and flows inwardly and radially across heat ex-
changer 16. This air is discharged into the space sur-
rounding shaft 12 and thence is conducted to turbo com-
pressor 10 where it is compressed and of course heated,
This compression will be essentially adiabatic in nature
and hence a large amount of heat of compression must be
dissipated.  Accordingly the efflient from compressor
10 is led into conduit 20’ and hence to plenum 21 which
connects with one end of heat exchanger 16. The hot
compressed air flows axially through heat exchanger 16
and is cooled first by ambient air and then by air being
recirculated from the space being cooled. This cooled
and compressed air is collected in manifold 22 and then
is conducted through conduit 23 to turbo expander 11,

In turbo expander 11 the compressed and cooled air
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is expanded to approximately atmospheric pressure. This
expansion will also be essentially adiabatic and will result
in the air being substantially cooled. This cooled air is
then available for the conditioning of any space it is de-
sired to cool.

We claim as our invention:

1. A vehicular ajr conditioning apparatus comprising
an inlet conduit leading from the space to be conditioned,
an outlet conduit leading to the space to be conditioned,
a cooling fan, a speed changer, a radial flow centrifugal
compressor, a radial flow centrifugal expander and an
annular heat exchanger, said cooling fam, compressor,
expander and heat exchanger being arranged concentri-
cally, a bulkhead dividing said heat exchanger into a first
and second section, said first section being cooled by
ambient air circulated by the cooling fan and said second
section being connected to said inlet conduit and cooled
by air recirculated through this conduit from the space
to be cooled, and said centrifugal expander discharging
expanded and cooled air into the outlet conduit and hence
to the space to be cooled. ’

2. A vehicular air conditioning apparatus comprising
an inlet conduit leading from the space to be conditioned,
an outlet conduit leading to the space to be conditioned,
a cooling fan, a speed changer, a radial flow centrifugal
compressor, a radial flow centrifugal expander, an annu-
lar heat exchanger, and a bulk-head dividing said heat
exchanger into a first and second section, said first sec-
tion being cooled by ambient air circulated by the cooling
fan, said second section forming a continuation of said
inlet conduit and being cooled by air circulated through
the inlet conduit from the space to be coeled, said cooling
fan being driven at a comparatively low speed from an
external source and said compressor and expander rotat-
ing at a much higher speed generated by the speed changer
directly connected to said cooling fan, said centrifugal
expander discharging expanded and cooled air through
the outlet conduit into the space to be cooled.

3. A vehicular air conditioning apparatus comprising an
inlet conduit leading from the space to be conditioned, an
outlet conduit leading to the space to be conditioned, a
cooling fan, a speed changer, a radial flow centrifugal
compressor, a radial flow centrifugal expander, an annular
heat exchanger, and a bulk-head dividing said heat ex-
changer into a first and second section, said first section
being cooled by ambient air circulated by the cooling fan,
said second section forming a continuation of said inlet
conduit and being cooled by air circulated through the
inlet conduit from the space to be cooled, said cooling
fan being driven at a comparatively low speed from an
external source and said compressor and expander rotat-
ing at a much higher speed generated by the speed changer
directly connected to said cooling fan, said centrifugal
expander discharging expanded and cooled air through
the outlet conduit into the space to be cooled, said cen-
trifugal compressor and expander being mounted on the
same shaft whereby the work recovered by the expander
serves to partially supply the necessary work to the com-
pressor.
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